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Introduction
In this paper we aim to estimate two important effects of Chinese exports on the Chinese economy, namely, the domestic value added (DVA) and domestic employment generated by US$1,000 of Chinese exports to the world for 1995 and 2002. For China, which has a huge reserve of employable workers in the rural areas, employment and the associated wages generated by exports are clearly a key economic benefit. The non-wage income such as returns on capital and indirect taxes are also important sources of income generated in the Chinese economy. The wage and non-wage incomes together make up the total DVA generated by exports, which contribute directly to China's total gross domestic product (GDP). 1 Thus, DVA (or domestic content) and domestic employment generated by exports are two key measures of the welfare China derives from its export sector.
The basic methodology employed in our estimation is that of input-output tables, where inputs include both primary and intermediate inputs. 2 The biggest advantage of this methodology is its ability to estimate both the direct and indirect effects of exports on DVA and domestic employment by accounting for the inter-industry flow of the production process. In our implementation of the estimation methodology, we explicitly recognize the need to construct an input-output table for China that contains separate input-output and employment-output coefficients for "processing exports" and non-processing exports ("processing exports" refer to exports of the end products of assembling and/or processing imported intermediate inputs that
are exempted from Chinese tariffs because the products will be eventually sold overseas; "nonprocessing exports" are ordinary exports to be distinguished from processing exports), 3 because there is anecdotal evidence that these two kinds of exports used significantly different technologies and imported inputs.
Our paper builds on Chen et al (2004) , the first paper that developed an input-output methodology to estimate China's DVA and employment generated by its exports to the world and to the U.S. and used input and output data to create a 33-sector-input-output table with one set of input-output coefficients for processing exports and another set of input-output coefficients for non-processing exports. 4 However, it extends Chen et al (2004) separately from the coefficients of non-processing exports, but also are the coefficients for nonprocessing exports further distinguished from those for products produced for domestic use on the basis of official input output data.
The input-output methodology initiated by Chen et al (2004) for the study of China's DVA and employment generated by its exports was subsequently adopted, directly or indirectly, and with variations, by other researchers working on similar and related topics. The latter's works include Dean et al (2007 Dean et al ( , 2008 , Feenstra and Hong (2007) , Koopman et al (2008) , and Lau et al (2006) . While Dean et al's focus was on the "vertical specialization" of China's exports in 2002, 5 the results obtained by them using an official Chinese 122-sector-input-output table (which did not have different coefficients for processing and non-processing exports) indirectly yield results on China's DVA generated by its exports because the share of "vertical specialization" and the share of DVA in exports add up to unity. Koopman et al. (2008) used a computational algorithm to generate two sets of input-output coefficients, one for processing exports and another for non-processing exports, by combining information from trade statistics and the available official input-output table that does not make a distinction between processing and non-processing exports.
4 Its findings were circulated as a working paper from 2001 after presented at an international conference in 1999.
5 The measure of vertical specialization was pioneered by Hummels et al (2001) . Here is a roadmap for the remainder of the paper. The methodology of input-output tables, its limitation, and the development of new data sets and data conversion that are required to implement the methodology are described in Section 2. In that section we start out by presenting two alternative (namely, direct and indirect) methods of estimating the DVA, then explain intuitively why they are equivalent. A numerical example of the two methods' equivalence is given for illustration before the basic equations used for the estimation are introduced; a mathematical proof of the equivalence is given in the appendix. The data requirements related to the basic estimation equations are then described, which include two data conversion methods (one of them is a conversion matrix that enables the conversion of data from international trade classifications into data for input-output sectors) and the construction of three new data sets. In Section 3, the estimates of economy-wide and sector-specific DVA and domestic employment generated by processing exports, non-processing exports, and aggregate exports are presented and interpreted. In order to better understand these results which are 6 A higher domestic content may signify a higher quality of domestic input supplies. In addition, how much domestic inputs are used in the production of exports may affect how export prices will change with the Yuan's exchange rate. For papers on these issues, see Amiti and Freund (2008) , Rodrik (2006) , Schott (2005) , Dean, Fung and Wang (2008) , U.S. Congressional Budget Office (2008) etc.
obtained from the input-output analysis and expressed according to input-output sectors, the conversion (or decomposition) of US$1,000 of textile exports (according to international trade classifications) into a number of outputs (according to input-output sectors, one of which is textile production), whose value sum up to exactly US$1,000, is presented for illustration before the sector-specific estimates are presented. Finally, some concluding remarks are offered in Section 4.
Methodology and Data
The most straightforward way to estimate the total DVA generated by exports (or their increase) is to sum up all the direct and indirect DVA generated by export demand (or its increase). There is a distinction of the direct (or first round) DVA and the total (or cumulated)
DVA because the first round value added will lead to further rounds of production and thus further rounds of indirect value added that must be added to the direct DVA to obtain the total DVA. This is called the "direct method," not to be confused with the direct value-added and direct employment effects of exports.
There is another, less direct method of estimating the total DVA. Since the domestic content share and the foreign content share must sum up to one, the share of total DVA in exports is one minus the foreign content share, where the foreign content share is given by the sum of direct and all rounds of indirect imported intermediate inputs required for every unit of exports, say US$1,000, as a fraction of the value of exports. In the appendix a mathematical proof is given that this "indirect method" (not to be confused with the indirect value-added and indirect employment effects of exports) yields the same results as the direct method. 7 To estimate the impact on domestic employment, however, we must sum up all the direct and indirect employment generated by US$1,000 of Chinese exports.
Let us start with a simple illustration of US$1,000 of textiles exports in 1995. Using the "direct method," the direct domestic value-added generated is US$177.7. The first round indirect DVA is US$174.9, the second round indirect DVA is US$119.2, and the third round indirect DVA is US$74.1. The higher is the round, the smaller is the magnitude of indirect VA. After 7 The first rigorous proof of this equivalence result was given in Chen et al (2004) .
adding up the direct and infinitely many rounds of indirect DVA, the total DVA generated by US$1,000 of textiles export is US$657.0.
Using the "indirect method," the value of direct imports required in producing US$1,000 of textiles exports is US$300.5. The value of the first round of indirect imports is US$19.7. The value of the second round of indirect imports is US$9.1. The value of the third round of indirect imports is US$5.4. After adding up the direct and infinitely many rounds of indirect imports, the value of total imports is US$343.0. Because the share of total DVA in exports is one minus the share of total imports, by the indirect method total DVA is equal to US$1,000 -US$343.0 = US$657.0, which is exactly equal to that obtained using the direct method. Formally, the basic equations used for estimation are as follows:
(1)
where B V is a row vector of total (direct and indirect) DVA coefficients, A V is a row vector of DVA coefficients, I is an identity matrix, A D is the direct input coefficients matrix of domestic products, B M is a row vector of the total import coefficients, A M is a row vector of direct import coefficients, i is a row vector of 1's, B L is a row vector of total employment generated by the Chinese exports of US$1,000 by each of the n sectors, and A L is a row vector of direct labor force coefficients whose j th element is sector j's labor force input coefficient.
8 Applying the "direct method" to US$1,000 of textiles export in 2002, the direct domestic value-added generated is US$164.4. The first round indirect DVA is US$58.2, the second round indirect DVA is US$16.7, and the third round indirect DVA is US$5.9. The total DVA generated by US$1,000 of textiles export is US$605.3. Using the "indirect method," the value of direct imports required for producing US$1,000 of textiles for exports is US$326.3. The value of the first round of indirect imports is US$43.3. The value of the second round of indirect imports is US$14.4. The value of the third round of indirect imports is US$4.5. The value of total imports is US$394.7. Thus, the value of total DVA obtained from the direct method, US$605.3, is exactly equal to the that obtained from the "indirect method," namely, the difference between US$1,000 and US$394.7, the latter being the value of total imports required to produce US$1,000 of textiles export.
Equation (1) (2) states that the total import vector generated by exports from various sectors is the product of the direct import vector and the matrix ( I -A D ) -1 . Equation (3) states that the share of total DVA in a sector's export is 1 minus the share of the value of total imports in the production of exports. Equation (4) As pointed out in the introductory section, an advantage of the input-output methodology is its ability to estimate both the direct and indirect effects of exports on DVA and domestic employment by accounting for the inter-industry flow of the production process. However, this methodology does have its limitations. Among other things, it assumes fixed input-output coefficients. 9 As a result, using results on DVA and domestic employment obtained from the input-output table of any given year to forecast results in future years is prone to errors. One way to overcome this difficulty is to estimate changes in the input-output coefficients across years based on changes in factor prices and composition of products, etc., as in Feenstra and Hong (2007) . Another way is to use input-output tables from different years to directly estimate the changes in DVA and domestic employment for those years. In this paper, we use input-output tables from 1995 and 2002 to derive results for these two years. In doing so, we use the actual input-output coefficients instead of estimating the coefficients based on some theoretical and empirical models about the underlying changes in the coefficients.
9 The input-output methodology also assumes constant returns to scale. Thus, to the extent that the actual production technology deviates from constant returns to scale, our estimates would be either overestimates or underestimates.
The assumption of lack of joint products, in our view, appears to be a good approximation of the production technology because our input-output tables are quite aggregate. The 1995 table divides China's economy into 33 sectors whereas the 2002 table divides China's economy into 42 sectors. The reason is that joint products across sectors at a low level of aggregation would be categorized as products primarily within the same sector at a high level of aggregation.
Because the input-output tables are the central part of our analysis of the effects of exports on total DVA and domestic employment, we must ensure that all of the data are categorized according to the sectors defined by these tables (33 sectors for 1995 and 42 sectors for 2002) and measured according to the input-output convention. Thus, to implement the estimation of equations (1) to (4), we need to construct completely new data sets and to create ways of operating across them. With the help of several ministries and agencies in the Chinese government and using hitherto unpublished official Chinese data, we have succeeded in constructing the following two data conversion methods and three new data sets.
First, we created conversion matrices to convert all the Chinese trade data (under the Harmonized System (HS) classifications) into data on demand according to the input-output sectors. 10 Second, we reconciled the basis upon which trade data and input-output values are measured (with exports being measured on a FOB basis, imports being measured on a CIF basis, input-output values being measured on a ex-factory producer price basis) by converting both exports and imports to the same basis as those used by the input-output tables, namely, exfactory producer prices. 11 The conversion matrices required are available from the authors upon request. FOB stands for "free on board," CIF stands for "cost insurance and freight." The conversion method for the 1995 data is contained in Chen et al (2004) .
textiles exports, FOB, into the exports of the above nine goods and services, at producer prices, was necessary for the purpose of using equations (1)- (4) to compute the total DVA and employment of generated by the nine goods and services. However, for the purpose of presentation, we shall report our results by sector on the basis of FOB prices, i.e., the effects of total DVA and employment calculated from (1)- (4) The fact that total DVA and employment generated by non-processing exports was higher than those by processing exports also held true for the year 1995. For both years, the aggregate total DVA and domestic employment are roughly equal to the simple averages of these two measures for non-processing and the processing exports. A decline in the effects of aggregate 16 The direct effects on domestic value added and employment are available from the authors upon request. The 1995 results are contained in our earlier paper Chen et al (2004) . 17 The effects generated by aggregate Chinese exports are weighted sums of those of processing exports and nonprocessing exports.
exports on both total DVA and employment from 1995 to 2002 was driven by a substantial decline in the effects of non-processing exports. Even though the effects of processing exports on total DVA and employment actually rose from 1995 to 2002, this increase was dwarfed by the large decrease in the effects of non-processing exports. 18 Since processing exports constituted more than half of Chinese exports in these two years, it was clearly not the case that the aggregate results were driven by the proportion of non-processing exports. Rather, it was caused by non-processing exports' significant decline in the coefficients of DVA and employment. In any event, the decline in the total DVA of aggregate exports suggests that the effectiveness of the Yuan's appreciation in reducing Chinese exports declined, or equivalently a larger appreciation would be needed to correct the same trade imbalance.
Despite a decline in the total DVA and domestic employment generated by every US$1,000, the total DVA generated by China's export sector rose from US84. This is an important point for Chinese policy makers to keep in mind about the benefits China derives from its exports.
In the trade literature that highlights heterogeneous firms, such as Helpman et al (2004) , firms with low productivity produce and sell only in the domestic market, and firms with medium and high productivity sell to both domestic and foreign markets. However, firms with medium productivity export to foreign markets, while firms with high productivity set up subsidiaries in foreign countries to produce for their host markets. The different choices between the latter two groups of U.S. firms were confirmed by their empirical tests. 19 Nevertheless, the fact that U.S. firms produce in China for exports to the U.S. and other overseas markets (including processing and non-processing exports) is a phenomenon not yet captured by the trade-theoretic models of heterogeneous firms. Since there were more foreign firms in processing exports and processing exports had higher DVAs and domestic employment coefficients in 2002 than in 1995, it means that U.S. affiliates in China were responsible for lifting China's overall productivity from 1995 to 2002, which is a major benefit to the Chinese economy.
Next, we turn our attention to the estimates by sector. The effects of US$1,000 on the FOB basis of Chinese processing exports, non-processing exports, and aggregate exports on total DVA for 2002 are given in Table 2 . Note that "N.A." under "processing exports" alone means that there was no processing exports, and N.A. for the trade-related services means that their effects on DVA are included in the export sectors. Table 2 shows that in 2002 the total values of DVA generated by US$1,000 of nonprocessing exports were uniformly higher (i.e., across all sectors) than those generated by the same amount of processing exports, thus not only confirming the widely held belief of the differential contributions of the two kinds of exports to DVA but also providing estimates of their differences. Recently there are some debates in China about the benefits of processing exports to the country's economic development and its trade frictions with its trading partners. If processing exports contribute less to China's DVA and employment but equally to its trade surplus with certain trading partners such as the U.S., then there seems to be a rational basis to promote non-processing exports and to discourage processing exports.
Recent research on production sharing and the global supply chain has highlighted in particular four production networks, namely, (1) textile and garments, (2) furniture goods, (3) automobile parts and equipment, and (4) electrical and telecom equipment and electronics goods, including computers. 20 It would be interesting to have a measure of the DVA generated in China by of these networks because China is widely regarded as a major world factory. In addition, there is also a policy question about which sectors to promote and which sectors to discourage, also from the perspective of total DVA and employment.
The table shows that sectors such as "textile goods" (sector 7), "wearing apparel, etc."
(sector 8), "sawmills and furniture" (sector 9) all have higher DVAs for both the processing and non-processing exports than the corresponding weighted averages for all sectors. In contrast, again for both processing and non-processing exports, the sectors such as "common and special equipment" (sector 16), "transport equipment" (sector 17), "electric equipment and machinery" (sector 18), and "telecommunication equipment, computer and other electronic equipment"
(sector 19) all have lower DVAs. The overall pattern seems to imply that in 2002, the manufacturing sectors that are often perceived to be "high-technology" (e.g. machinery, electronic goods, computers, etc.) tended to pull down the overall DVA averages, while the traditional export manufacturing sectors (e.g. textile, garment products and furniture) tended to lift up the averages. 21 Thus, promoting the high-technology industries at the expense of the traditional labor-intensive industries may not necessarily lead to greater growth in DVA and employment, unless there is much greater room for export growth in the former than in the latter.
That is to say, the policy makers will need to consider both the export elasticities of demand for 20 For some related papers, see Ng and Yeats (2001) and Ng (2003) . 21 However, for "instruments, meters, cultural and office machinery" (sector 29), total DVA is higher than its average for the processing case, but lower than its average in the ordinary export case.
Chinese products by different sectors and the elasticities of input supply, including Chinese labor.
A related question is the widely discussed damages done to China's environment by the production of Chinese exports. Again, due to inter-industry flow, the total environment damage of a sector's exports may be substantially greater than its direct environmental damage. The input-output table approach generates total damages for different sectors which can be used by policy makers as an input along side total DVA and employment in deciding which sectors are to be promoted and which sectors are to be discouraged.
The next table presents estimates of total DVA generated by processing and nonprocessing exports for the year1995. We previously mentioned that the average total DVA for aggregate exports declined from 1995 to 2002. This decline was driven by the decline of the weighted average of the nonprocessing exports' DVA aggregated over all sectors because the DVA generated by US$1,000 of aggregate processing exports actually went up. However, because the number of sectors in the 1995 input-output table was different from that for 2002, it would not be possible to attribute the decline of the non-processing exports' overall DVA further to that of a subset of sectors.
In the next set of tables, we present our estimates of the employment generated by processing and non-processing exports. Remarks similar to those about DVA can be made about employment. In 2002, employment generated by non-processing exports in all sectors was uniformly higher than that generated by processing exports. 22 No single sector or a subset of sectors could account adequately for the average employment generated by either processing or non-processing exports. In the case of processing exports, traditional manufacturing export sectors such as textile and garment (sectors 7 and 8) generated more employment than "hightechnology" sectors such as "electric equipment and machinery" (sector 18) or "telecommunication equipment, computer and other electronic equipment" (sector 19). As in the case of the DVA, the decline in employment associated with aggregate exports from 1995 to 2002 was due to the significant decline of employment generated by non-processing exports because the employment generated per US$1,000 of aggregate processing exports actually went up. However, an examination of Tables 4 and 5 shows that no single sector or subset of sectors drives the decline of employment associated with non-processing exports from 1995 to 2002. Table A shows that export products such as "textile materials and products" , "footwear,.., etc." "wood and wood products, .., etc." and "raw hides, leather, …, etc" all have higher DVAs for both the processing and non-processing exports than, whereas export products such as "machinery, electric equipment and accessories, .. etc." and "locomotives, vehicles, … etc." all have lower DVAs, than the corresponding weighted averages for all export products.
This seems to confirm the earlier identified pattern that the manufacturing sectors often perceived to be "high-technology" tended to pull down the overall DVA averages, while the traditional export manufacturing sectors tended to lift up the averages. However, the same cannot be said about the pattern observed in Table B 
Concluding Remarks
In this paper we study two important effects of Chinese exports on the Chinese economy.
Specifically we estimate the extent of total domestic value added (DVA) and domestic We have found that for both 1995 and 2002, non-processing exports had higher total DVA and domestic employment effects in all sectors than processing exports. For both processing and non-processing exports, traditional manufacturing exports such as textile and garment products generated higher total DVA and employment than "high-technology" manufacturing exports such as electric equipment and machinery or telecommunication equipment, computer and other electronic products Thus, promoting the high-technology industries at the expense of the traditional labor-intensive industries may not necessarily lead to greater growth in DVA and employment, unless there is much greater room for export growth in the former than in the latter.
In this paper, we have focused on the estimation of the DVA and domestic employment generated by China's exports to the world. By incorporating data on China's export composition to a particular country, say, the U.S., estimates can be obtained for the DVA and domestic employment generated by China's exports to the U.S. A similar exercise can be carried out to estimate the DVA and domestic employment generated by the U.S.' exports to China. By combining both sets of estimates, it is possible to estimate their bilateral trade balance in terms of DVA (Lau et al, 2006) , as opposed to the traditional trade balance that is measured in terms of the gross value of exports.
Multinational firms have helped to raise China's productivity. However, the fact that their affiliates in China not only produce for the Chinese market but also for exports to their home markets is a phenomenon yet to be captured by the trade-theoretic models of heterogeneous firms. Perhaps that would be a worthwhile direction of future theoretical research.
As one of the first papers to quantitatively estimate the direct and total DVA and domestic employment generated by Chinese exports, 23 we have developed an input-output methodology that can be applied to other countries for which processing export accounts for some non-trivial percentages, for example, Mexico, Indonesia and Vietnam, to estimate the effects of their exports. Furthermore, we believe that the input-output approach will also be useful in obtaining information on the total rather than direct environmental damages caused by different kinds of exports, thus contributing to rational economic development. 23 The working paper Chen et al (2004) is the first paper to make such contributions. 
